A new web-based and mobile Decision Support System (DSS) for Search-And-Rescue (SAR) at sea is presented, and its performance is evaluated using real case scenarios. The system, named OCEAN-SAR, is accessible via the website www.OCEAN-SAR.com. In addition to the website, dedicated applications for iOS and Android have been created to optimise the user experience on mobile 20 devices. OCEAN-SAR simulates drifting objects at sea, using as input ocean currents and wind data provided, respectively, by the CMEMS and ECMWF. The modelling of the drifting objects is based on the Leeway model, which parameterises the wind drag of an object using a series of coefficients. These coefficients have been measured in field experiments for different types of objects, ranging from a person in the water to a coastal freighter adrift. OCEAN-SAR provides the user with an intuitive 25 interface to run simulations and to visualise their results using Google Maps. The performance of the service is evaluated by comparing simulations to data from the Italian Coast Guard pertaining to actual incidents in the Mediterranean Sea.
The leeway model (Breivik and Allen, 2008) uses an ensemble of drifting particles to model the movement of an object due to surface currents and wind. The motion of a particle in this ensemble is described by the model equation: 25
with ( , ) the surface current velocity and ( , ) the wind-induced velocity or leeway. The latter is separated in a downwind component ( -) and crosswind component . as: 
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Here 7 = ±1 is the intrinsic orientation of the particle and 3 the direction of the wind defined in an anti-clockwise direction with respect to the north. The components of the leeway : ( = , are parameterised as: 
with ( , ) the wind at 10 m height, : and : the so-called leeway-coefficients and :,7 a per-particle perturbation. This perturbation is a random number drawn from a normal distribution with standard deviation : and it represents the uncertainty on the : and : parameters. The result of this 10 parameterisation is that the drift characteristics of an object can be described by the 6 object class parameters 1 -, -, -, . , . and . . The values of the object class parameters have been determined experimentally (Allen and Plourde, 1999; Allen, 2005 for various types of objects, ranging from persons in various conditions to life-rafts and medium-size ships. The current implementation of the model defines a total of 64 classes and sub-15
classes. Uncertainties on the wind and the ocean currents can be incorporated into the simulation by introducing an additional perturbation to the forcing fields. The uncertainty on the current forcing field is considered to be negligible compared to the uncertainty on the wind forcing, therefore only the perturbation for the wind is taken into account: 20 , → , + 3,7
The components of the perturbation 3,7 are random variables drawn from a normal distribution, with standard deviation equal to the wind field uncertainty 3 . At present no spatial or temporal correlations 25 are taken into account for 3 . New values for 3,7 are calculated for every particle at every model timestep. The model is initialised by creating an ensemble of = 500 particles of a given object class. Their initial positions are distributed according to a two-dimensional normal distribution centred at the last known position (LKP) and with a standard deviation corresponding to the radius of uncertainty. This 30 1 For a small number of classes the crosswind coefficients have an additional dependency on the left/right of downwind orientation Ω K . In that case the crosswind coefficients become:
bringing the total number of object class parameters to 9.
radius is typically of the order of a few kilometres. The initial orientation of the particles, 7 , is chosen randomly.
To obtain the particle trajectories and the final distribution, Eq. (1) is integrated from the initial to the final time using the midpoint method with a fixed-size timestep of 360 s. The possibility of particles changing their orientation, the so-called jibing, is taken into account by randomly changing the sign of 5 7 after every timestep. The probability of a particle changing orientation is set to 4 % per hour (Allen, 2005) , i.e. a particle has a 4 1000 chance of changing orientation at a given timestep.
Environmental forcing
The Leeway model in OCEAN-SAR system is forced by ocean currents data CMEMS MED-MFC and 10 atmospheric wind data from ECMWF: these datasets are used for the calculation of the particles trajectories.
CMEMS MED-MFC products
The OCEAN-SAR uses the ocean currents analysis and forecast from the CMEMS MED-MFC operational implementation of the NEMO model in the Mediterranean Sea (Tonani et al., 2008 , Oddo et 15 al., 2009 ). The employed fields are currents in meridional and zonal direction at multiple depth level. The name of the CMEMS MED-MFC product used is MEDSEA_ANALYSIS_FORECAST_PHY_006_001. Currents are provided with hourly resolution on a 1/16 degree (i.e., 6 kilometers in the meridional direction) mesh on 72 vertical levels. Three type of products are employed: 20
1) The 10-days forecasts produced every day originating from the 12:00 UTC analysis/simulation
2) The 1-week analysis produced every Tuesday from the 12:00 UTC analysis. Analyses include data assimilation , Dobricic et al., 2007 3) The 1-day simulations produced every day (except Tuesday) from the 12:00 UTC analysis/simulation, do not 25 include data assimilation.
ECMWF products
The wind forcing at 10 meters height is provided by the IFS model operated by the ECMWF. The model outputs are available with 3-hourly resolution for the first 3 days after the analysis, the horizontal resolution is 1/8 degree (7.5 miles in the meridional direction), and the forecasts refer to the 12:00 UTC 30 analysis.
The OCEAN-SAR operational system
The core of OCEAN-SAR runs on the CMCC super-computer system and specifically on the part called Okeanos dedicated to the maritime related services of CMCC. The OCEAN-SAR system is running in operational mode since June 2014. The System is available on web and mobile application and has been configured so that registered users can submit the jobs. The service is freely available on the web and 5 free of charge. The OCEAN-SAR logical architecture is shown in Figure 1 and consists of the following components: § User Interfaces (UIs) for the web and mobile client devices; § Data pre-processing system; 10 § Sea Situational Awareness (SSA) platform (web portal, map service and message broker); § The Complex Data Analysis Module (CDAM) in the computing centre. 
15
Only the relevant components of the system will be described in this paper, for a comprehensive description of the SSA platform, CDAM and their components see Mannarini et al. (2016) .
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All the user requests as well as the results of the simulations are stored in a database by a component of the SSA platform, which ensure the data persistency (Figure 3 ). Thanks to this component, each user can visualize at any time the results of previously performed simulations and view the parameters used to run the simulation. 5
The data flow in Figure 4 shows how the messages are exchanged in JSON format among the different components via REST web services. On Okeanos the model is executed using Simple Linux Utility for Resource Management (SLURM) 10 and the output are produced in ASCII format. The system converts the ASCII output data into JSON format in order to send back to CDAM (see Figure 2) . The CDAM then sends the output to Message broker. In the meanwhile, client applications retrieve the results by polling for their availability, checking the content, and extracting the information required for the visualization. After completion of the loop the results are provided to the user via graphically displayed fields. 15
Web and mobile applications
The web and mobile applications (iOS and Android) provide the access for the user through their user interfaces. The web application has been adapted for use on mobile devices (tablet and mobile phone) and app are available on the Apple and Android stores as free app. The User Interface (UI) allows setting the parameters of the simulation, submitting requests and 5 displaying the results of simulations on a map. The configurable parameters are shown in Figure 5 . The parameters can be grouped as follows: § General parameters (simulation name, object category); § Last known position (start position, end position, start date, end date); § Simulation duration;
10 § Forecasting system (wind and currents models); § Display settings (environmental fields on/off); The meaning of each set of parameters is explained (see Figure 6 ) through a yellow box that 15 appears on the UI after a click of the mouse.
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The results of a simulation can be displayed in the UI in two ways: with or without the magnitude of environmental fields (Figure 7 ). Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016 Discuss., doi:10.5194/nhess- -175, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. OCEAN-SAR has been validated by reconstructing real case scenarios (accidents and field exercises) 5 using information provided by the Italian Coast Guard. A selection of these real-case scenarios is presented in this section.
The Italian Coast Guard provided the information of 6 past events (Table 1) For the raft used in this field exercise there was not an exact correspondent type of object in the 15 IAMSAR manual (IMO, 2016) and therefore, following the indications by the Italian Coast Guard, a "shallow ballast with no drogue" raft was used for the simulation. For the dummy the type of object called "Person in the water (PIW), unknown state (mean value)" was used.
2) Commercial fishing vessel used as a migrant ship 20
Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016 Discuss., doi:10.5194/nhess- -175, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. In this case the commercial fishing vessel with on board many migrants was simulated using the type of object "Commercial fishing vessel (14-30m) Troller" which was the correspondent object in the IAMSAR manual. The boat was found by the Italian Coast Guard at 00:40 UTC of the day 1 December 2013 (LAT 38°08' N-LON 018°21'E), the sea state was rough (more than 6m of waves height) and the the boat was drifting with failed engine, there was no possibility of immediate rescue and the ship was 5 reached one day later when the sea state was better and allowed the transhipping of the migrants. The transhipment started at 12:05 UTC on 2 December 2013 at the position 38°39'6"N, 018°21'E after 36 hours of drift.
3) 60 m long ship used as migrant ship 10 A ship 60 meters long was transporting immigrants who were rescue and transhipped. After the immigrant transhipment it was not possible to tow the ship, therefore it was left drifting. The position was recorded through successive sightings and this data is used for the validation of OCEAN-SAR. The length of the ship was approximately 60 meters, and there is not a specific correspondent type of object in the IAMSAR manual. The most similar ship type is the coastal freighter, which is used in the 15 simulation of this paper. The time and positions recorded for the ship are reported in table 1 (Migrantship2).
4) Small boat
On the 11th of December 2014 at 18.00 UTC a person on board of a small boat started drifting from the 20 position 40°00'55"N 018°26'10"E. The location and time have been reconstructed based on the information provided by the person on board and are expected to be quite accurate (error estimated to be less than 1 nm and less than 2 hours). After 2 days, at 09:05 UTC on 13 December 2014, the person was found alive on his boat in the position 39°29'N 018°12'E. The type of object in the IAMSAR manual that best fit with the real boat is skiff V hull smaller than 6 metres. In the reconstruction of the Calabria1 (Figure 9 ) case the final position of the simulated drifters shows a partial agreement with the observation: the dummy drifted south west and its final position after 13 hours at sea is contained in the area identified by the OCEAN-SAR system but the simulation shows an 10 area more shifted eastward.
5
In the reconstruction of the Calabria2 (Figure 10 ) case the final position of the simulated drifters shows a partial agreement with the observation: the raft drifted westward and its final position after 13 hours at sea is just outside the area identified by OCEAN-SAR system while the simulation shows an area more shifted eastward. OCEAN-SAR system does not show appreciable differences between the search and rescue dummy simulated in Calabria1 and the raft simulated in Calabria2. In reality the raft moved 10 westward faster than the dummy.
Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016 Discuss., doi:10.5194/nhess- -175, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. In the reconstruction of the migrantship1 case ( Figure 11 ) the final position of the simulated drifters is in good agreement with the observations: the ship drifted northward and its final position after approximately 12 hours is inside the area identified by the OCEAN-SAR system. Figure 11b presents the fields of wind and currents and the mean velocity of for each of the particles. 10
In the reconstruction of the migrantship2 (Figure 12 ) case the area identified by the simulated drifters does not include the final position of the ship, which drifted for almost 3 days (66 hours). The simulated drifters are moving towards the east, while the ship is faster and moves further north-westward.
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5
In the reconstruction of the Small boat case ( Figure 13 ) the final position of the simulated drifters is not in agreement with the observation: the small boat drifted more south west and its final position after 15 hours at sea is outside the area identified by OCEAN-SAR system. OCEAN-SAR system predicted correctly a southward movement of the boat, but in reality the boat moved faster further westward. The westward position of the boat can also be explained by the fact that the person on the boat was paddling 10 towards land and the Coast Guard explain that this was resulting on a westward movement of the boat.
In the reconstruction of the 'Ferry' case ( Figure 14 ) the final position of the simulated drifters is in partial agreement with the observed location of the body found at sea after 13 hours of drifting. The real position is few hundred meters westward from the OCEAN-SAR area.
OCEAN-SAR was used already several time by Italian Coast Guards in real case actions of emergency 10 related to SAR. In this paper we present the case of a diver lost in Monopoli, which body was found few hours later (Figure 15 ). The OCEAN-SAR simulation results are in good agreement with the real drift of the body.
Conclusions
OCEAN-SAR is an operational decision support system, based on the Leeway model and implemented as a complete system for on-demand simulation of drifting objects at sea. It uses as input ocean currents and wind data forecasts from third party providers that are dynamically prepared. The DSS is freely 10 available on the web and for mobile devices. The interaction with the users and the participation of authors from Italian Coast Guard to the co-design and testing of the OCEAN-SAR allowed the customization of the service towards the users' needs and requirements. The experience of OCEAN-SAR highlights that research and development activities, in the our case 15 ocean and Lagrangian modelling, should as much as possible aim to converge towards operational applications so that their results and finding are tested in operational mode and in real case scenarios by Nat. Hazards Earth Syst. Sci. Discuss., doi:10.5194/nhess-2016 Discuss., doi:10.5194/nhess- -175, 2016 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. the users, often situations in which weak components of the systems and bugs are highlighted. The operational testing also helps to demonstrate the effectiveness and importance of research results for supporting societal challenges and in our case the benefit for maritime safety and for saving life at sea. As possible future improvements to OCEAN-SAR we foresee the use of the high-resolution subregional and coastal operational models for currents and wind forecasts, especially in coastal areas, and 5 the implementation of an Application Programming Interface (API) layer which will allow users to interface their own software tools with OCEAN-SAR, the further testing by users and the integration with users' software already existing and in use for the managing of SAR emergency at sea.
